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I. INTRODUCTION
The injection moulding is a greatly preferred in manufacturing industry because of its capacity to manufacture complex-form parts within very short cycle time, and with good dimensional accuracy as well. However, several processes parameters such as barrel temperature, mould temperature, holding pressure, injection velocity, injection time, and cooling time need to be monitored due to the potential effects towards the quality of injection moulded plastic artefacts. Thus, choosing suitable parameters that concurrently satisfied part qualities are imperative to produce good quality product. In injection moulding, these parameter settings were obtained either based on statically experimental methods, computer aided simulations or operator's experiences [1] , [2] . The task becomes more difficult when the product used for this process involving intricate parts like a snap fit sample. Therefore, this project was design to investigate the effect of injection moulding parameter setting, towards the quality of a snap fit product made from polypropylene.
II. LITERATURE REVIEW
Taguchi Method was developed by a Japanese Statistician named Geneici Taguchi, whereby in this method, the parameter design is employed to find optimal process values that should be able to improve the quality characteristic. The tolerance design is used for determining and analyzing of the tolerance in optimal setting recommended by the parameter design [3] . By applying Taguchi method based on orthogonal arrays, time and cost required for conducting of the experiments can be reduced. Taguchi recommends the use of the signal to noise (S/N) ratio for the determination of the quality characteristics implemented in engineering design problems. The S/N ratio characteristics with signed-target type can be divided into three stages: the smaller is the better, the nominal is the best, and the larger is the better. In this study, the smaller the better quality characteristic is chosen to solve warpage problem with shrinkage variation through the optimal levels of process parameters. In addition to S/N ratio, analysis of variance (ANOVA) is employed to obtain the effect of the process parameters on mechanical properties. In this way, optimal levels of the process parameters can be estimated [4] .
Several researches have successfully achieved good control in reducing defects by using this method. For instance, Ozcelik [3] had used Taguchi experimental method to study the influence of injection parameters and weld line on the mechanical properties of polypropylene during plastic injection. In his research, he had found that in general the mechanical tests were increased under optimum conditions.
As for another example, Oktem et al. [4] have applied the Taguchi optimization technique to reduce warpage problem which were related to shrinkage variation that were depended on process parameters. This project was focused on producing good samples of thin-shell plastic components for orthose part. The S/N and ANOVA are used to find the optimum levels and to indicate the impact of the process parameters on warpage and shrinkage. The results show that warpage and shrinkage are improved by about 2.17% and 0.7%.
Urzurumlu et al. [5] have minimized warpage and sink index by controlling the process parameters of the plastic parts with different rib cross-section types, and rib layout angle by using Taguchi optimization method. Taguchi optimization method was used by exploiting mould analyses to find optimal levels and the effect of process parameters on warpage and sink index.
Mehat et al. [6] have studied the mechanical properties of product made from recycled plastic by utilizing the Taguchi optimization method. She had discovered the appropriate blending ratio of virgin and recycled plastic that can enhance the mechanical performance exhibited by the compound. The results reveal that the product made of 25% recycled polypropylene (PP) and 75% virgin PP exhibits a better flexural modulus compared to the virgin form. The same products exhibits a 3.4% decrease in flexural strength.
Taguchi Method application was chosen based on a comprehensive review regarding the applications of Taguchi Method in quality control and design optimization of plastic products. This review has provided more than enough information about past research which relates to this design of experiment approach. Therefore, it can be concluded that Taguchi method is very suitable to solve the quality problem in injection moulding of thermoplastic parts [7] .
In terms of shrinkage and warpage studies, a research has been carried out by Chang and Tsaur [8] by applying an integrated theory and computer program for producing a simulation of shrinkage, warpage, and sink marks of crystalline polymer injection moulded parts. These methods were applied to predict the shrinkage, warpage, and sink marks of crystalline polypropylene and amorphous ABS for the plate cavity. Both the qualitative results for the theoretical prediction correlated sufficiently with the experimental data [8] . Other researchers, Prashanta et al. [9] have focuses on the effect of multi-walled carbon nanotube addition on shrinkage and warpage properties of polypropylene injection moulding products before and after annealing. While Huang and Tai [10] in Journal of Materials Processing Technology have determined the effective factors in the warpage problem of an injection-moulded part with a thin shell feature.
In the other hand, a research conducted by Kramschuster et al. [11] have investigated the effects of processing conditions on the shrinkage and warpage behaviour of a box-shaped, polypropylene part using conventional and microcellular injection moulding. Two sets of 2 6-1 fractional factorial design of experiments were employed to perform the experiments and proper statistical theory was used to analyze the data. In this research, after the injection moulding process reached steady state, the results show that the supercritical fluid content and the injection speed affect the shrinkage and warpage of microcellular injection moulded parts the most, whereas pack/hold pressure and pack/hold time have the most significant effect on these defects [11] .
The author also has carried out several researches about injection moulding processing conditions by utilizing injection moulding simulation with different type of samples, material and responses. The inputs from these projects were used as guidance for this project. An attempt also has been made by optimising the test sample made from polypropylene and clay, without using any compatibilizer [12] - [15] . Therefore, this project was conducted as the extensive version of previous research conducted by the author.
III. METHODOLOGY

A. The Selection of Cavity Shape, Injection Moulding
Machine and Material. The cavity shape selected in this study was a snap fit product, as displayed in Fig. 1 . The base and the cover should be able to snap and fit together as a product. This sample will be used to investigate the effects of injection moulding parameters toward the quality of this sample through practical injection moulding. The injection moulding machine used in this project was JSW 75 Tonne E11 Plastic Injection Moulding Machine (Fig.2) , located at Material Processing Lab, School of Mechanical and Aerospace, Nanyang Technical University, Singapore. The material used in this research was Polypropylene (PP)-Homopolymer Cosmoplene Y101H. 
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B. Design of Experiment
Based on the Taguchi optimization method, four most significant factors that affect part quality were selected. Three levels of each parameter had been chosen for analysis, as stated in Table I . Based on the value in Table  I , 'Level 1' indicate the lowest value of parameter, 'Level 2' means medium value and 'Level 3' means the highest value of parameter selected. In this research, the (L 9 3 4 ) orthogonal was chosen as an orthogonal array because it is suitable for three levels and four factors. The value for the barrel temperature, holding pressure, injection velocity and injection holding was obtained based on the previous studies [15] . Table II shows the detail orthogonal array for this experiment. 
C. Signal to Noise (S/N) Ratio and Analysis of Variance (ANOVA)
Signal to noise (S/N) ratio for mechanical properties will obtained and optimum levels of the injection parameters will determine through S/N values to achieve maximum mechanical result. In this study, the smaller the better quality characteristic is chosen to solve warpage and shrinkage. The S/N values shall be calculated by using statistical software which was Minitab 16. The response graphs shall be generated through this software, and the peak value for each factor shall be chosen as the optimum setting to control the defects.
In this research, the aim of using the Analysis of Variance (ANOVA) is to determine the significance of process parameters on warpage and shrinkage. Based on the calculation of S/N ratio, ANOVA value can be obtained. The most significant parameter was determined by calculating the percentages of pure sum. From the analysis results, the higher percentages pure sum of factor will contribute more affects from these factors to the samples or product. 
IV. RESULTS AND DISCUSSION
After the experiments have been carried out based on the selected parameter setting in the orthogonal array, values of average warpage and shrinkage was gained, as stated in Table II . These values were measured for both base and cover of the samples. Before the measurement took place, a snap and fit test shall be conducted to ensure that the samples were in good condition. The lowest value obtained from this experiment was 0.2467 mm for warpage and 0.0371 % for shrinkage. Fig. 3 shows the main effect plots for S/N ratios, specifically for warpage case. From this figure, the optimum value of parameter setting that should be able to reduce warpage is stated in Table III . By using this setting, a validation test has been carried out and the value of warpage was 0.2083 mm with 84% improvement. Fig . 4 shows the Main Effect Plots for S/N ratios, specifically for shrinkage case. As for the S/N ratios for Shrinkage, the optimum value is displayed in Table IV . The shrinkage value by using this optimum setting was 0.0211 %. This is 56% improvement based on the lowest shrinkage value gained from previous settings in Trial 2. The ANOVA test was applied to determine the influence of each parameter in the designed experimental study. The P (%) value or the pure summary value percentage for each data was monitored. The result for ANOVA for the snap fit samples can be summarized in the Table V  for warpage and Table VI for shrinkage. Based on the results of ANOVA in Table V , the most influential factor that affecting warpage was holding pressure (HP), with 33.68% of the contribution, and followed by injection holding (IH) with 25.71% of P value. The weakest factor that contributes towards warpage is barrel temperature with 15.34% of P value.
As for the ANOVA for shrinkage, the most influential factor was injection holding, and then followed by holding pressure. Barrel temperature has been pooled in the calculated since it produced the weakest influence towards shrinkage.
Based on [1] , as holding pressure is increased, it will force more material into mould cavity causing shrinkage to be reduced. This statement was same from the analysis result of this research. The entire significant factor which is influent shrinkage was packing pressure.
According to [2] , the quality of injection moulded part is almost entirely determined by two processing parameters, namely pressure and temperature, while the injection velocity exerts only a limited influence. This can be strengthened that the selection of parameters in this research is appropriate to examine the quality of injection moulded part especially for shrinkage and warpage.
V. CONCLUSION
To summarize the findings, the optimum setting that should be followed to control shrinkage and warpage in producing a snap fit samples have been achieved. The most influential factor, that affecting warpage is holding pressure with 33.68% of the contribution, followed by injection holding (IH) with 25.71% of P value. In the other hand, injection holding with the contribution of 44.25% need to be closely monitored if we want to reduce shrinkage and then followed by holding pressure. The findings of this project shall be good enough to be used as reference in producing similar product in future.
